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Description 

The method according to the new invention is directed to regulating the quantitative proportions of adjuvants and 
additives to be blended in a molten polymer in order to impart various properties to the solidified polymer product, their 

5 mechanisms, paths and rates of movement in the polymer matrix and their matrix position. 

Adjuvants and additives to be blended into a polymer are used La. for the modification of the surface properties 
of filaments, foils and moulded products. By using suitable fatty amides, fluoro-aliphatic groups containing compounds, 
complex organopolysiloxanes etc., the wettability, the fractional, working and treatment characteristics of the polymer 
surfaces can be regulated within broad limits. In this way it is possible to impart desired touch -dry and adsorption 

10 characteristics to non-woven products made from various synthetic fibres. For example, a finishing layer applied ex- 
ternally to a polyolefin sur-face in a fibre making process can be destroyed in the further fibre processing, whereby the 
stripped natural hydrophobic polymer surface is unsuitable for many non-woven products. When bonding fibres /.a. 
using the water needling method, the high-energy water jets immediately release the surface finishing layer. Internal 
finishing of the polymer is in such a case a beneficial way of providing the polymer surface with a new finishing layer 

is in place of the destroyed, for example in connection with the drying operation following the needling process. It is thus 
possible to use double finishing, whereby a suitable anti-static surface finishing can be used La. for carding and water 
needling, and for the end product a suitable internal finishing can be used. It can be mentioned that many additives 
used for the modification of polymeric surfaces and also for protection against oxidation are incompatible with the 
polymer matrix and have only a low solubility therein, which properties increase the surface activity of these agents 

20 and at the same time the problems they cause in use. various antioxidants are blended into a polymer in order to 
protect it against autogenous oxidation induced by high energy radiation or heat energy. When the polymer melt so- 
lidifies, a redistribution of the additives takes place therein, whereby a cloud of contaminants comprised of additives 
(also oxidized polymer radicals) advances in front of the spherulite border. An antioxidant poor area thus remains within 
the spherulite which, depending on the return diffusion, is prone to autogenous oxidation. Thus a regulation of both 

25 the quantity and position of the antioxidant component has to be made in fibres intended for gamma-sterilization, water 
needling and also thermobonding. In the same manner, the additive distribution has to be controlled when dying the 
polymer and La. when blending therein inorganic reinforcing agents. 

The invention is thus directed to a method for the regulation of the properties of products made from a synthetic 
polymer, such as the surface properties, the autogenous oxidation initiated by various excitation energy forms, the 

30 thermal properties, dying and/or strength, the characteristic features of the method being disclosed in the appended 
claims. 

Thus, in the regulation method according to the new invention, the state of movement and position in the polymer 
matrix of the polymer melt blended adjuvants and additives are regulated during the various processing stages of the 
polymer. The regulation method is based on a central controlled regulation of the super- and substructures of the 
35 solidifying and solid polymer matrix and the solubility, rate of movement and surface characteristics of the adjuvant 
and additive components. The regulation method requires La. a control of the following partial functions: 

the superstructure function of the polymer matrix: is a function of La. the rate and temperature of solidification of 
the melt, tension in spinning and the processing conditions (draw ratio, temperature, time) of the solid phase 
40 - the substructure of the polymer matrix: 

comprises in this discussion the smectic structural function, the crystallinity function and the long identity period 
function forming the basis for the lamellar thickness, which are functions of both melt solidification rate, time and 
temperature 

orientation, solubility and diffusion functions: are functions of the structure of the polymer matrix, time and tem- 
45 perature. 

The use of these partial functions in the new regulation method is qualitatively the following: 
A polypropylene melt is quenched at a high speed, whereby, in addition to the amorphous phase, a smectic phase, 
either alone or, depending on the quenching speed, in addition a monoclinic crystalline phase is obtained in the struc- 

50 ture. During quenching the amorphous + smectic phase dissolves from the blended additive an amount corresponding 
to the equilibrium of saturation, and the excessively blended portion separates and is isolated as the polymer solidifies. 
During heating of the quenched polymer, the smectic phase is transformed into a monoclinic crystalline phase, the 
amorphous phase quantitatively decreasing at the same time. The increase in the degree of crystallinity has been 
found to be very rapid as a function of the increase in temperature and slow as a function of time. The growth function 

55 for the crystallinity degree is split into two time functions because of the said phase transformation. The magnitude of 
increase of the degree of crystallinity is also dependant on the proportion of monoclinic phase in the matrix after quench- 
ing. The 'dissolved* additive concentration corresponding to the quenching temperature starts to decrease under the 
effect of temperature excitation, whereby additive is released as a finely divided discharge. The released additive in 
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the amorphous matrix will be subjected to the internal pressure of the matrix as the degree of crystallinity increases, 
whereby the tree* additive is 'extruded' and migrates along the spherulite borders and amorphous lamellar borders 
to the polymer surface (atomic force microscope observations). The pressure in the system increases even further as 
the migration path for the additive narrows down, which is due to the decrease in the amorphous lamellar thickness, 
toward a minimum in a temperature range, which is dictated both by the increase in the degree of crystallinity and the 
long matrix identity period in accordance to different time and temperature functions. The internal pressure of the 
system causes, in addition to the extrusion along the spherulite borders, a decrease in the thermal activation energy 
of the diffusion migration of the additive, following Fick's law, whereby the efficiency of the diffusive material transport 
is greatly improved. When the solubility limit of the additive in the polymer matrix is passed as the heating temperature 
increases, the discharged additive begins to redissolve in the amorphous part of the matrix. Within the same temper- 
ature range, the amorphous thickness begins to increase again after passing the minimum. As a third phenomenom, 
also the so-called crystalline mobilisation starts in the said temperature range, whereby under the influence of stress 
relaxation also the driving force' of the additive migration disappears as regards the pressure effect. The variations 
in the additive surface concentration caused by the described changes in the polymer matrix appear as completely 
corresponding variations La. in the wetting angles defining the surface characteristics (wetting, friction) of the polymer 
samples. In this context especially the mechanical drawing stage following the quenching of the polymer is to be taken 
into consideration, resulting in a deformed spherulite structure in the polymer matrix and correspondingly a microfibrillar 
structure when using high draw ratios. Each structure can be controlled both as regards the spherulite size and defor- 
mation by means of the drawing and heat treatment in the manufacturing stage. It is hereby possible to regulate es- 
pecially the direction of the spherulite borders and the amorphous lamellar borders and thus effectively affect the length 
and direction of the migration distance of the additive. It is further to be noted that the structural functions of the polymer 
discussed above can be regulated independently of each other within wide limits. Furthermore, the time and operational 
limits of the various functions can be shifted through suitable additive choice (solubility, diffusion and nucleating effect) 
as well as blending concentration. The method claims also characterize well the structure and operational limits of the 
new regulation method. 

Undoubtedly many methods are disclosed in the extensive patent and technical scientific literature which have 
points in common with the regulation method according to the invention. The extensive elucidation of the prior art of 
some of the patent publications is also noteworthy. A major part of the literature relates, however, to the structures and 
manufacture of additives. The behaviour of the additive in the polymer matrix is considered only sparsely. In this con- 
nection some statements in the literature as to the movements of the additives in the polymer and the effect of the heat 
treatment thereon, will be examined. 

N.L Jarvis /I -2/ examines the effect of partly fluorinated additives on the wetting of solid polymers. It is observed 
that re-finishing of the surface is dependent on the additive diffusion rate in the polymer matrix and this can be accel- 
erated by heating the polymer or by lowering its viscosity in some other way. Due to the slowness of the diffusive 
movement, it is difficult to find suitable surface active additives. 

D.K. Owens /3/ examines the effect of fatty amides as reducers of the friction of polymer films. In the study it is 
observed that the diffusion is controlling as regards reducing the friction at low temperatures for stearamide (d < 65 
°C) and that at high temperatures, the surface evaporation of the amide surpasses the diffusion effect. 

N. I. Palmer /4/ manufactures isolating fabrics for batteries using a me It-blown -process and internal finishing of 
the fibres. In order to improve the effect of the wetting agent and to obtain a finely divided, high degree of porosity, the 
product fabric is subjected to pressure calandering (p = 0.7 bar) at high temperature (just before melting: d = 138-160 
°C). 

B. C. Oxenrider /5/ produces, using internal finishing and compounds containing 1 -4 fluoroaikyl groups as finishing 
agents, polyamide and -ester filaments for soil and stain rejection. In the method specification it is mentioned that by 
heat treatment (# = 120-150 °C, t = 2-4 hours) it is possible to reduce the effect of the additive which already as such 
concentrates to the surface, that is the surface energy of the filaments, which means that the agent is capable of 
migrating to the surface. 

M. Sugimoto /6/ uses internal finishing when making packaging films in order to improve the adhesion strength 
and the transparency and to remove bubbles. In order to bring about the synergy of the additives, the heat treatment 
of the product takes place in the range, 0 = 80-120 °C (polyethylene) at a delay time, t = 120-2 s. 

G.H. Meitner/7/ manufactures, using melt-blown-technique, oil and water adsorbing towel fabric material contain- 
ing finished microfibres. The fabrics are subjected to so called embossing at a temperature, d = 82-124 °C, p = 1.4 
bar, primarily to improve strength. Finishing agent is thus not transported inward nor outward from the polymer surface. 

D. Duchesne /8/ uses fluorinated polymeric blends which apparently segregate to the surface during extrusion for 
the removal of melt imperfections in the product. 

L H. Sawyer /9/ adds surface active additives directly to the basic resin. These surface active agents migrate to 
the surface of the manufactured fibre. The wetting stability can be controlled by the composition and concentration of 
the additive combination. 
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G. A. Gardiner /10/ and R. S. Nohr /11/ include in their invention description an extensive and chronological study 
of the state of the art as regards internal finishing additives containing fluoro- and pofy-siloxane chemicals. In the test 
runs of the examples of this invention description relating to the new regulation method, chemicals described in said 
publications have been used as internal finishing additives. 

5 G. A. Gardiner /10/ manufactures from a blend of a thermoplastic polymer (La. polyolefins and -amides) and a 

non-ionic compound containing a fluoroaliphatic group (1 -1 5 % by weight of FC) fibres with a stable hydrophilic surface. 
There is thus always sufficiently fluorochemicals present on the fibre surface to make it permanently hydrophilic. It is 
believed that the chemical inside the fibre acts as a reservoir of internal wetting agent. The fluorochemical comprises 
a three-part compound, where the first part is a saturated monovalent fluoroaliphatic group (40-78 % by weight F), the 

10 second part is a heteroatom containing (-S-, -O-, -NR-groups or combinations) linking group between the end groups 
and the third part is a non-ionic water soluble polyoxyalkyiene group. The test runs in the examples of the specification 
were carried out using melt-blown-technique and the obtained microfibres were bonded directly to the corresponding 
non-woven product. The most important test polymers had a fairly high melt index. In the description of the invention 
the obtained test results were experimentally compared to polysiloxanes falling under the scope of the method /11/ 

75 and it was proved that the fluorochemicals functioned better and also at lower additive concentrations than La. the 
chemicals of the Silwet group, which require thermal excitation. It is to be mentioned that in order to obtain the 'per- 
manently' hydrophilic surface, the used high melt index polymers, the microfibres, the high melt temperature and the 
high "melt delay time" in blowing, are especially favourable, as the necessary sur-face concentration has to form in 
the molten state due to the low diffusion rate of the sterically complicated, high -molecular additives. 

20 R.S. Nohr/11/ uses for the internal finish structurally complicated surface active polysiloxanes. The additives have 

two parts, the first one containing at least one tetrasubstituted disiloxanyline group associated with one or more tris- 
ubstituted silyl and siloxy group, the substituents being independently chosen from monovalent alkyl, cycloalkyl, aryl 
and heterocyclic groups and the second part being a long-chain oxyalkylene containing group. The second part of the 
additive has at least one functional group which improves at least one property of the pofymer (/.a. the H 2 0 wettability 

25 oxyalkylene group, hydrophobicity: perfluoro-hydrocarbon group, light-, actinide and y-radiation stabilization: polyalkyl 
substituted piperidyl group). Both parts of the additive cooperate as one molecular unit which is compatible with the 
polymer at the melt extrusion temperature, but incompatible below this temperature. The additive (1-12 % by weight) 
separates when the polymer melt solidifies, as a globular dis-charge, the particulate nature of which can be improved 
by using high shear rates in the nozzles. In order for the additive to segregate to the polymer surface sufficient "melt- 

30 time" is needed, which is achieved /.a. through choice of apparatus and adjustment of the capacity of the apparatus. 
The non-woven product made from the fibres is heated in the temperature range, & = 27-95 °C for a sufficient time to 
allow for the migration of the additive to the fibre surface. 

In the invention description /11/ the process for internal finishing is adapted to take place as a spun-bonding proc- 
ess, but also me It -blown- and other processes can be used. Surprising in the description is, however, La. the fact that 

35 the segregation heating of the said non-woven fabric takes place at a rather low temperature (27-95 °C), but no refer- 
ence is made to the preceding high temperature range (145-1 65 °C) necessary for the thermal bonding, with associated 
effects. It is also evident that the said microdrops require for migration or re-formation by diffusion an infinite time when 
the polymer is in the solidified state. The material content of the very finely dispersed microdrop network opening up 
in the polymer surface or located immediately adjacent the surface, can, as a result of the combined effect of space 

40 and surface diffusion, spread to the polymer surface and can also be quantitatively sufficient for the small amount 
needed in a monomolecular layer. 

The realization of the new regulation method under review is to a major part determined by the apparatus used. 
For this reason, the operational functions of the apparatus have been described in the examples of the description of 
the invention. A review of the water needling and thermal bonding methods for non-woven fabrics, and of fibre manu- 

45 facturing processes, is available La. from the publications F.J. Evans /12/, B.V. Falkai /1 3/ and M. Ahmed /14/. 

The regulation method according to the new invention can be described in a more quantitative way than before 
by means of the appended examples 1,2. and 3. 

Example 1 

50 

In example 1 the basic principles for the new invention and the essential observations relating thereto are shown 
by means of detailed subexamples. 

Subexample 1.1 

55 

In subexample 1.1, the functional equations for the fibre production and water needling apparatuses used in the 
process development according to the examples of the description of the invention, are disclosed. 

In the production of the fibre sample series used in the description of the method according to the new invention, 
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the pilot scale spinning-drawing-apparatus shown in Figure 1 was used. The number of nozzles in the nozzle plate of 
the spinning device was 30500 and the nozzle diameter 0.25 mm. According to measurements carried out, the capacity 
of the apparatus (P, kg/h) was a function of the rotational speed of the pump (n n min" 1 ) of the form 

P = 2.0437 xn r . hi 

The velocity of the polymer in the nozzle is correspondingly of the form 

(v s , mmin" 1 ) 

v s = 2.5111 x10' 2 xn r I2J 

In the measurements carried out for the method usually a rotational speed of the polymer pump of n r = 1 5. 1 5 was used, 
whereby the spinning capacity and the nozzle speed were correspondingly: 

20 P = 30.96 and v s = 0.3804. 

In the apparatus shown in Figure 1, the speed of the 2-godet and the fibre gauge (v 2 and d 2 : Fig. 1: 5) were usually 
kept constant in the test series (v 2 = 90 and c^ 2.2 or 1 .7). In some cases the speed of the 1 -godet of the apparatus 
was kept constant, whereby at constant product gauge, the capacity of the apparatus varied. 

The other parts of the spinning-drawing apparatus diagram (Figure 1 ) are: 1 . extruder, 2. melt spinning device, 3. 
1 -godet, 4. drawing oven, 5. 2-godet, 6. 2-finishing (avivage), 7. crimping device, 8. stabilizing and drying oven and 9. 
staple fibre cutter. 

Figure 2 shows schematically a water needling production line. The parts of the apparatus are: 1 . fibre feeder, 2. 
carding apparatus, 3. and 4. water needling stations, 5. drying oven and 6. fabric winding. 

In the water needling test series on a pilot scale, a needling station analogous to a production apparatus was used 
(Fig. 3), where the needling took place as a surface needling. The web-wire-honeycomb system (Fig. 3: 3, 4, 5) of the 
needling station is made movable in two directions at adjustable speed with respect to the nozzle bar (Fig. 3:1,2) and 
the suction device (Fig. 3: 6, 7). 

The strength of water needled fabrics is proportional to the water jet energy received by the web, that is proportional 
also to the jet energy developed by the apparatus. From the experimentally measured jet scattering values due to 
nozzle speed and disturbance factors, the nozzle effect (P L , w/m 2 ) as a function of the pressure difference (AP, bar) 
and nozzle distance (L, mm) per unit width of the nozzle bar (m) is obtained 

40 P L = 14.70x10 5 x(AP) 1 068 xL" 05 . M 

By introducing the number of nozzles (1557 per m), the area of the nozzle opening (0.127 mm) and the speed of 
the web (v p m/s) into the equation, one obtains a value for the jet energy (w, ws/m 2 ) directed against the fabric per 
unit area (m 2 ) of the fabric 
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w = 28.99 [AP] 1 068 L'° 5 v/ 1 0 /4/ 

In the test series used for the method, a wire speed of v r = 10.9 m/min was used. In the pre-needling of the web, 
a pressure series of P = 30-60-80 bar was used and the a wire size 92 x 100 mesh, and in the final needling a pressure 
series of P = 30-60-100 bar and a wire size 22 x 24 mesh. 

It is further to be noted that in the test examples concerning thin films, a quenched planar film of ordinary production 
quality was used. Part of the additive containing, rapidly quenched film samples used in the example tests were pre- 
pared under highly controlled conditions in a Haake-Rheocord 90-apparatus system, which also was equipped with a 
drawing apparatus and an oven. 
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module), the long axis (perpendicular to the drawing direction) of the ellipsoid becomes longer and the radial nature 
of the crystal lamellae of the equatorial areas disappears and the c-axis orientation of the lamellae is in the direction 
of the fibre axis. When spinning fibres are drawn strongly (X > 2.5), the spinning ellipsoid is deformed in the drawing 
direction so that its long axis becomes parellel to the drawing direction. The a-axis oriented area of the crystal lamellae 
disappears completely (there being, however, intermediate orientation adjacent the long axis). The least mobile crystal 
lamellae of the equatorial areas are strongly oriented in the c-axis direction (as also the chain helix axes). Isometric 
thermal stabilization above the said cc c -absorption temperature leads to the disappearance of the deformed spherulite 
structure in the matrix and to its substitution with a microfibrillar superstructure, wherein the c-axis of the crystal lamellae 
are oriented in the direction of the drawing axis. 

The movement of foreign additive molecules in the polymer takes preferentially place along disorganized, iow- 
density, amorphous lamellar borders. The movement of the molecules is thereby governed by the lamellar thickness, 
the lamellar orientation in the direction of the concentration gradient of the substance, the imperfections of the lamellar 
borders etc. A randomly oriented, undrawn polymer matrix is comprised of spherically symmetrical spherulite areas, 
the lamellar borders being to a substantial degree parallel to the surface. Consequently the migrating additive molecules 
are forced to move along non-linear, often very complicated paths, the speed of movement decreasing substantially 
in the direction perpendicular to the surface. Effective quenching of a moulded article (e.g. in a chill mould), a mono- 
. filament or a film surface (liquid or cooled air), establishes a sufficiently big temperature gradient in the direction per- 
pendicular to the surface which prevents the nucleation in the interior parts of the polymer product. The cooling con- 
ditions thus lead to the formation of a surface layer area distinguishable from the interior parts of the polymer. This 
layer is formed of asymmetrical spherulites of an often submicroscopic cross-section, having a substantial number of 
nuclei which are close to the surface and a dimension (long axis) which in the direction of the normal to the surface is 
very big (50-100 u,m). In this surface layer, the broadest lamellar dimension is directed perpendicularly to the surface, 
the lamellar borders are straight and long, the additive migration in the direction of the normal to the surface (direct 
path of movement) being rapid. 

The solidification of polypropylene and the formation of its structure under production scale type conditions in a 
fibre spinning and drawing apparatus (Fig. 1) according to the subexample 1.1, is briefly examined. In the test series 
82A and 82B, the propylene polymers I and II were used so that the polymer II was blended in an amount of 3 % by 
weight into the polymer I as a plasticizer. The melt indexes (MFR: ASTM D 1 238:230° C/2 1.6 N), weight and number 
average molecular weights (rv^ and M n ) and distribution ratio (R) were respectively (l/ll) the following MFR: 19/420, 
M w : 1 92700/98400, M n : 481 00/221 50 and R: 4.01/4.44. The testing conditions and the most important test results are 
given in the Table 1 . The capacity and nozzle speed values are given in the subexample 1.1. 

The fibres of test series 82 have a deformed spherulite superstructure at an average chain orientation value up to 
fav < 0.76, after both spinning and drawing (the fawalue is obtained from the elongation/orientation function of Table 
1 ), and above this fav-value, a microfibrillar superstructure in drawn structures. The result corresponds to the structural 
observations made earlier. When performing the test series 82, the manufacturing conditions for the spinning fibres 
were chosen so as to obtain, in both test series (A and B), a spinning fibre series, wherein the crystallinity varied from 
a high a-monoclinic crystallinity degree (WAXS) to a smectic structure with a low crystallinity degree. The spinning 
process was regulated by regulating the spinning speed (Table 1), the fibre gauge (the final draw gauge in the fibres 
of all the test series was 2.2 dtex and thus corresponding to the draw ratio for the spinning fibres) and the quantity of 
cooling air (appr. 1000 Nm 3 ) and its temperature (fl < 20°C). 

In the test series 82A and 82B, respectively, the logarithmically parallel functions 

X = B26. 1 0 fav 4 61 1 and % = 580.91 fav 4 ' 61 1 /5/ 

simulate the measurement values for the degree of crystallinity of the spinning fibres. Thus in the test series A, when 
the chain orientation value (fav) increases as a function of the spinning draw ratio (fa), the degree of crystallinity (x) 
decreases, 79/0.41 3/(14) smectic -> 1 89/0.540/48.2. In the equation for the test series B, the power function 

part is the same as for the test series A, but the values for the degree of crystallinity are lower in the series B than in 
the series A. In the fibre samples of the test series 82A, where the spinning speeds (Table 1 ) and thus also the residence 
time of the filaments in the cooling zone are constant, the heat transfer rates decrease when the spinning fibre gauge 
increases, and thus the crystallinity values decrease when the spinning draw ratio decreases. In the test series 82B, 
for gauge values corresponding to those of the test series 82A, the residence time of the filaments in the cooling zone, 
as well as the heat transfer decrease, wherefor the degree of crystallinity remains below the corresponding values of 
the 82A series. When making fibre with a final gauge of. 1.7 dtex using spinning speeds and cooling residence times 
corresponding to those of the test series 82B, the feed rate has to be decreased (n r : 1 5. 1 5 -> 11 .69 mirr 1 ). An increase 
in the degree of crystallinity is thus obtained resulting from the increased heat transfer due to decrease in the spinning 
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fibre gauge (and the increase of the spinning draw ratio)(for example test series 109A (2.2 dtex): 

X K /x ~ 189/51.3 and 109B (1.7 dtex): = 247/59.7). 

Drawing of a spinning fibre (the set temperature of the drawing oven was 80 & C) leads to an even lower degree of 
crystallinity of the fibre. In the test series 82A and 82B, the following equations simulating the degree of crystallinity of 
draw fibre are obtained 

X = 8.609 fav 3 164 and % = 6.978 fav' 3 164 /6/ 

When the orientation increases, the degree of crystallinity thus decreases (series 82A): TJiavfy'. 1.25/0.598/43.8 -> 
3.00/0.870/(14) smectic. In the test series 82B, the decrease in the degree of crystallinity of the spinning fibre caused 
by drawing as a function of average degree of orientation, is of a similar form as in the series 82A, but bwer than this. 
Both free and isometric heat treatment (1 20°C/1 5 min) of the draw fibres of the test series 82A leads to approximately 
the same equation for the degree of crystallinity 

X = 29.035 fav" 1 342 flf 



Thus the degree of crystallinity decreases when the average orientation factor increases, but due to the change in the 
power function part, to a lesser degree than the values for the draw series (series A: x:56 -> 35 % for an orientation 
range corresponding to that of the draw fibre). 

It is to be noted in this context that an even more complicated structural system is obtained from a smectic spinning 
fibre after drawing. Especially at low values for the degree of crystallinity, the almost linear change of the SAXS scat- 
tering intensity value as a function of the degree of crystallinity, has been used for the determination of the degree of 
crystallinity, in addition to the WAXS system. 

Based on these few examples the observation can be made that the regulation of the degree of crystallinity can 
easily be carried out technically in an ordinary production apparatus over the whole crystallinity range. 



Subexample 1 .3 

In this subexample the rate of crystallinity change is examined as function of temperature and time. 

The equations regarding the change of crystallinity degree (f c -fraction) measured for the quenched polymers ac- 
cording to the subexamples studied, as a function of temperature (T, K) and time (t, min) have been compiled in the 
Table 2. 

In the structural system of the polymer under study in this subexample (Table 2: A-2), the equations corresponding 
to crystallization time values above and below the intersection point of the equations simulating the degree of crystal- 
linity are 



45 and 



f = 3.4876 - 2343.06/RT + 2.258 x 10" 2 In t IB! 



f c = 2.1984 - 1340.69/RT + 1.129 x 10" 2 In t /9/ 



50 The equation for the intersection point limiting the operating ranges for the equations is 



0 = 1.2792 - 1002.37/RT + 1.129 x 10* 2 In t /10/ 

55 

The factor in the activation energy term is R, cal/degree x mole. 

The differential changes of the degree of crystallinity as a function of temperature and time are correspondingly 
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df c /dT = E/RT 2 and df c /dt = b/t /1 1/ 



wherein the constant factors E and b correspond to the values of the equations (Table 2). 

s Based on the equations corresponding to the measured values it is observed that for unit time (t = 1 min) the 

difference between the crystallinity fractions corresponding to the temperatures 70°C and 110°C is Af c = 0.3588 
(0.4093-0.0505), i.e. 35.88 p-%. The increase in the degree of crystallinity of the polymer as compared to the initial 
value, is thus 710%, i.e. quite high. 

According to the equations, the increase in degree of crystallinity as a function of time is independent of the tern- 

10 perature. At time values below the intersection point of the crystallinity equations, for each isotherm, the increase in 
the crystallinity fraction corresponding to a time decade (At, min) is Af c = 0.052 i.e. 5.2 % (for example isotherm 1 1 0°C: 
the time interval 0 1 -1.0 min, Af c = 0.4093 - 0.3573). 

The increase in crystallinity as a function of time is thus fairly small, the momentary growth being still rapidly 
decreasing as a function of time. 

15 In this context it is especially to be noted that the growth in the degree of crystallinity is, in addition to the crystal- 

lization rate, limited also by the heat transfer rate (that is the dimensions of the fibre or film, the technical heat transfer 
apparatus, etc.) at the crystallization temperature range or when aiming for an isotherm. 

Subexample 1 .4 

20 

In this subexample the value for the long identity period for polypropylene and its changes as a function of time 
and temperature are studied. The value for the statistical amorphous layer thickness of the polymer, as a function of 
time and temperature, is calculated from the statistical value of the long period by means of the value of the degree of 
crystallinity. 

& For all the tested polymers, similar values for the long period as a function of temperature and time were obtained 

within the limits of accuracy of measurement, which for its own part proves the independency of the period value of 
the degree of crystallinity. 

In the structural system of the propylene polymer being studied, the value of the Lorenz -corrected long period (L 
(Z), A) as a function of temperature (T, K) and time (t, min), is of the form 

30 

L(Z) = 92.64 + 1864.4/(435.44 - T) + 
[(465.0/(444.01 - T)) - 3.7326] In t /1 2/ 

35 

For the differential changes of the period as a function of temperature and time, the following equations are obtained 

dl_(Z)/dT = 1864. 4/(435. 44-T) 2 +[465.0/444.01-T) 2 ] In t . /1 3/ 

AO 

dL(Z)/dt = [(465.0/(444.01 -T)) - 3.7326JA /14/ 



It can be observed from the equations that the time dependency of the long period is also a function of the temperature. 
The value for the long period grows rapidly as a function of temperature, especially when approaching the melting 
range of the polymer. The increase of the value L(Z) during unit time in the temperature range 70-150°C is (LZ):1 12.9 
- 244.4 A, at value intervals of 20°C corresponding to: 4.9-8.4-17.2-62.5 %. The increase of the value L(Z) during unit 
time as a function of time in the said temperature and value intervals is correspondingly 129.9-93.7-95.7-142.7 %. 
Isothermally, the growth rate of the long period L(Z) is correspondingly constant during a decade time interval, but 
rapidly decreasing with respect to time. 

The long period being the sum of the amorphous and crystalline lamellar thickness (statistical), the amorphous 
lamellar thickness (L(Z), A) is obtained from the product (l-fJL*. the Lorenz-corrected measurement value for the 
period being used in this study. It can be mentioned that a linear relationship prevails between the period values within 
the limits of accuracy of measurement, which in the test series A-2 is of the form 



L = 1.064 L(Z) + 30.59 



/15/ 



9 



EP 0 753 606 A2 



The values lor the product (VfJUZ) corresponding to the measurement values for the degree of crystallinity for 
the test series A-2 of the subexample 1.3, as a function of temperature, for a number of time decades are given in the 
Figure 4. For comparison, in the Figure 4, also the values for the amorphous lamellar thickness corresponding to the 
crystallinity values for the test series B-2 and D-0 are indicated as a function of temperature during unit time. From the 
s equations it can be established that the increase of the crystalline lamellar thickness is a monotone function of tem- 
perature. From the equations and the Figure it can observed in addition that in the temperature range under examina- 
tion, the amorphous lamellar thickness is characterized by a deep minimum. Consequently, the amorphous lamellar 
thickness first decreases with an increase in temperature and degree of crystallinity (/.a a decrease of the amorphous 
fraction), but starts then to rapidly grow after the minimum range located in the temperature range of 100-130°C. In 
10 practice, the crystalline lamella thus increases in length and becomes narrower, whereby the amorphous lamella can 
. increase in thickness, even though the amorphous fraction decreases. 

The position of the minimum area of the amorphous lamellar thickness of the polymer matrix as a function of 
temperature is a function of the initial structure of the sample, the heat treatment time and the changes in the degree 
of crystallinity. The position of the area is especially affected by the time and temperature limits for the operability 
15 ranges for the crystallinity degree functions (there is a minimum area also when the crystalline growth is monotonous 
in the area). In order to determine the amorphous lamellar thickness of the test samples, the sample specific crystallinity 
function has to be determined always. 

Based on the observations, the amorphous lamellar thickness of the polymer and the changes thereof can be fairly 
accurately regulated by regulating the crystallinity degree and the long identity period of the polymer matrix. The reg- 
20 ulations partly overlap. The regulation of the crystallinity degree takes place especially by regulating the temperature 
of the polymer matrix, the regulation of the treatment time being marginal. The regulation of the long period takes place 
by regulating both treatment temperature and time. 

In the present new regulation method, the position and transport of the polymer additives in the internal and surface 
areas of the matrix are regulated by means of the structural changes in the amorphous part of the polymer. 

25 

Subexample 1 .5 

In this subexample, the interna! finishing additives for polypropylene used in the Example 1, their solubility and 
their diffusional movement in the polypropylene, are studied. 

30 in the. Example, two different types of hydrophilizing additives are used for the internal finishing, one of which is a 

fluorine chemical (FC) and the other a polysiloxane chemical (SwC). The structural formulas, the molecular weights, 
the F- and Si-contents are given in the Table 3. The fluorine chemical is comprised of a saturated, monovalent fluoro- 
aliphatic group, the alkyl group of which contains eight fully fluorinated carbon atoms and of a long-chained, non-ionic, 
water soluble, primarily ethylene oxide containing group, and of a SCfeN-C 2 H 5 -linking group, connecting said groups. 

35 The polysiloxane chemical contains a dimethyl polysiloxane chain, in which part of the siloxane molecules are substi- 
tuted, in place of a methyl group, by a monovalent, ethylene and propylene oxides containing oxyalkylene group. 

In order to measure the diffusion rate, an additive containing film providing a concentration source, was placed 
into contact with a film surface formed by thin polypropylene films, using contact compression between metal bars. 
The diffusion cell was subjected to prolonged heating, isolated and isothermally in a thermostat, as a function of time 

40 and temperature. The quantity of additive which had transferred through the diffusion contact border layer into the 
stack of films after heating was analyzed as a function of distance. In the method of analysis, the polymer matrix was 
dissolved (toluene) and the polymer was re-precipitated (chloroform) from the solution. The additive remaining in the 
solution phase was measured in hydrogen sulphide using IR-analysis and a liquid cuvette. The saturation solubility 
and diffusion rate constant for the additive was determined utilizing Fick's law on the basis of the distance analysis 

45 and the total amount of additive transferred from the film surface. 

For the saturation solubility and the diffusion rate (S, % by weight and D, cm2/s) for the FC- and SwC-chemicals 
the values indicated by the following equations apply: 

s0 FC: S = 5.025 x 1 0 5 exp (-1 0749/RT) 

D = 8.760 x 10* 1 exp (-12098/RT) /16/ 

55 SwC: S = 3.853 x 10* 1 exp (-486/RT) 

D = 1.568 x 10 3 exp (-18282/RT) /17/ 
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In the equations: Temperature: T, K and the general gas constant: R, cai/degree . mole. 
Subexample 1 .6 

This subexample examines the transport in a spinning fibre of FC- and SwC- chemicals blended- in the polymer 
for surface modification, by means of a simplified diffusion-surface-adsorption-process. The FC-chemical belongs to 
groups of saturated fluoro-chemicals according to the patent application CA 2.066.012, which produce a so called 
permanently hydrophilic surface in the polymer. There is always a sufficient quantity of chemical on the polymer surface 
and the polymer matrix contains a sufficient reservoir in order to produce and maintain a permanent surface concen- 
tration. The chemical SwC belongs to the group of multifunctional substituted organopolysiloxanes according to the 
patents USP 4,857.251 and USP 4.920. 168, which have a hydrophilizing effect on the polymer surface. These chem- 
icals segregate to the new surface formed during the polymer melt processing, and after processing, they have a 
differential increasing concentration from the center of the fibre or film matrix to the surface. If necessary, this segre- 
gation process is facilitated by heating the fibre product in the temperature range of 27-95 *C. 

It can be assumed that both exemplified chemicals to be enriched in the surface area of the polymer are at some 
processing stage controlled by diffusion. 

The early stages of the surface adsorption process, where the surface is occupied by only a few adsorbed mole- 
cules, can be illustrated by the Langmuir-Schaefer-diffusion equation /24/ 



M = 2Co (Dt/n)**, /19/ 

where the parameters are: 

M (mol/cm 2 ) is the surface concentration 

Co (mol/cm 3 ) is the constant matrix concentration 

D (cm 2 /s) is the diffusion constant 

t (s) is time. 



It is assumed that 

a local equilibirum is immediately formed on the surface 

the surface concentration (M) is equal to the sur-face surplus (T) 

the surface concentration (M) is much higher than the matrix concentration (Co) 

By introducing into the equation /19/ Gibbs adsorption equation /20/, the surface pressure equation /21/ is obtained 

r = -(RT)" 1 (57/8lnc) /20/ 

7i = 2RT Co (Dt/it) 3 *, /21/ 

where the parameters are 



n (dyne/cm) is the surface pressure 

R = 8,3156 x 10 7 (erg/degree • mole) is the general gas constant 
y (dyne/cm) is the surface tension. 



For the determination of the surface pressure values for the exemplatory chemicals, the following values have 
been used in the calculation: 



from the equations presented in the subexample 1.5 obtained from the diffusion measurements for the chemicals 
FC and SwC, the values for the diffusion constants corresponding to the temperatures 200°, 1 20°, 1 00° and 80°C 
have been calculated. The value for the diffusion constant corresponding for the molten state of the polymer has 
been estimated to be three times compared to the values of the solid phase at the same temperature, 
the value Co = 0.23 % by weight has been taken for the additive concentration of the polypropylene matrix, where- 
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from the values Co (mol/cm 3 ) = 2.21 x 10" 6 and 6.81 x 10' 6 are obtained for the chemicals FC and SwC, respectively, 
the height of the cooling zone of the spinning apparatus employed was 0.05 m and the average speed of the fibre 
cable in the path was 80 m/min, wherefore the residence time of the polymer in the molten area was t = 3.75 x 
10~ 2 s. In the calculation results, the result corresponding to the unit time, that is Tt/t**, has been given, it thus being 
5 easy to introduce other time values for evaluation. 

The calculation values for the surface pressure (n) corresponding to the polymer melt-solid-interval and the solid 
state, are presented in the following Table 4. 

io Table 4. 



75 



Temperature °C 


Polymer state 


k, dyne/cm 


FC 


SwC 








! t 2 


ti 


t 2 


200 


I 


254.7 


49.3 


125.7 


24.3 


120 


1 


57.1 


11.1 


14.4 


2.8 


120 


s 


33.0 




8.3 




100 


s 


21.8 




4.2 




80 


s 


12.3 




2.0 





t 1 = 1 s = 7c/t*. t> = 3.75 x 10' 2 s 

According to measurements, the surface tension values for the chemicals FC and SwC are essentially the same 
at room temperature. At high temperatures the temperature dependency of the surface tension (-dy/dT = 0.048) of the 
chemical SwC was used in the calculations. From the surface energy values of polypropylene and the chemicals 
/25-26/, the expected surface pressure values are obtained as the equation 

Ay(dyne/cm) = 1 1 .89 - 0.008T /22/ 



For the temperature values of the Table 4, the folbwing values are obtained from the equation: n (dyne/cm)/^, °C 
8.10/200°, 8.74/120°, 8.90/100° and 9.06/80°. 

By comparing the surface pressures obtained, it can be established that, when using the chemical FC, a mono- 
molecular FC-layer is formed in the fibre surface, in addition to the melt range temperatures, also at the temperatures 
corresponding to the solid (iPP) range. When using the chemical SwC, only very high melt range temperatures are 
sufficient for layer formation. The calculations show that, especially when the polymer melt spinning takes place at 
high temperatures (O£200°C), a monomolecular additive layer can be formed in the fibre and film surface through a 
diffusion-adsorption-mechanism. However, a number of presumptions and approximations have been made in the 
calculations, wherefor the said comparison result is only guiding and usable for comparing different surface chemicals 
to each other. 

When studying FC-chemical containing (> 1 % FC) quenched thin films with an electron microscope (Cambridge: 
3500-20000x) and SEM/EDS-analysis, it could be observed that the chemical was very unevenly distributed, and that 
a pari thereof was present in the form of globular segregations with a much higher fluorine content than the matrix. No 
effective FC-layer could be detected on the polymer surface; also the dynamic contact angle measurements (Cahn) 
indicated the presence of a hydrophobic PP-surface. At low FC-chemical contents, (FC appr. 0.5 % by weight), the F- 
distribution was more even than in the former case and no matrix segregations could be observed; the film surface, 
however, corresponded to its characteristics to a pure PP-surface. Surface examination of thin films containing the 
SwC-chemical (4.1 % by weigth SwC) using an AFM-apparatus (Atomic Force Microscopy: Nanoskop Digital Instru- 
ment) indicated that the chemical segregated as conglomerates especially at the spheruiite borders, whereas the other 
film surface parts were quite SwC-poor. Contact angle measurements of the same samples indicated a hydrophobicity 
almost equivalent to that of the starting polymer. 

Subexample 1 .7 

Subexample 1 .7 examines the behaviour of the surface active fluorine and polysiloxane chemicals (FC and SwC) 
when changing the super- and substructures of the polymer matrix in accordance with the new regulation method. 



12 



EP 0 753 606 A2 



Surface chemicals containing film and fibre samples were prepared from polypropylene for the study. The samples 
were quenched by using different cooling rates in order to obtain the desired super- and substructures in the initial 
matrix. In order to further develop the initial structures of the propylene matrix to have the desired degrees of crystallinity 
and lamellar thicknesses, the samples were heat treated in conditions of varying temperature and heating times. The 
conditions used in the preparation of the samples and the structural functions of the sample matrices are described in 
the subexamples 1 .1 to 1 .4. Of the crystallinity functions disclosed in the Table 2, those corresponding to the samples 
A-1 , -2 and -3 are fluoro-chemical containing, and those corresponding to the samples 8-2, C-2 and D are polysiloxane 
containing. The spinning and draw fibre samples correspond structurally to the test series 82B of the subexample 1 .2. 
The values for the long identity period of the samples correspond, within the limits of accuracy of measurement, to the 
function given in the subexample 1 .4. The water wettability contact angle for the samples of the test series were meas- 
ured with a Cahn DC A-322-analyzer (Dynamic Contact Angle Analysator). The contact angles as a function of treatment 
temperature (time 1 5 min) of samples corresponding to fluoro-chemical FC-concentrations of 0.0, 0.1 , 0.5 and 1 .0 % 
by weight are indicated in the Figure 5. The same Figure also includes the values for the degree of crystallinity, amor- 
phous lamellar thickness and the equilibrium solubility of the FC-chemical corresponding to the subexamples 1.3-1.5. 

The starting structure of the samples of Figure 5 was smectic. In the spinning samples of the Figure, this structure 
disappears over a sm -> cc-transition at a temperature range of appr. 70-1 30°C, whereby quite substantial states of 
disorders, greater than those of the isothermal saturation state, appear in the matrix during the short periods of process- 
ing and especially at low transition temperatures. In this transitional temperature range, also the (statistical) minimum 
of the amorphous lamellar thickness of the polymer matrix is formed, as well as a substantial increase in the degree 
of crystallinity. In the processing conditions used for the samples according to the Figure, the surface chemical (FC) 
did not rise to the sample surface, but the wetting angles of the samples corresponded to the hydrophobicity of a pure 
polypropylene surface (sample: 0.0 % by weight FC), 6 > 90°. The B-values as a function of temperature for the samples 
corresponding to the concentrations 0.05 and 0.10 % by weight FC still corresponded to the values for the unblended 
sample (G -~ 92°). For the samples corresponding to 0.5 and 1 .0 % by weight FC, there was a substantial decrease of 
the wetting angle so that the 9-value (60-65°) corresponding to the minimum contact angle temperature range of appr. 
1 00-1 10° C represented a wetting angle of a substantially monomolecular fluoro-chemical surface (surface energy: 7, 
erg cm* 2 : 

Y(25°Cyy(1 10°C): iPP: 29.8/24.8 and FC: 22.6/17.6. 

From the solubility curve of the fluoro-chemical presented in the Figure 5 it can be deducted that at the temperatures 
80, 100, 110and120°C,the saturation solubilities are 0.11, 0.25, 0.37 and 0.53% by weight, respectively. Consequently 
the samples blended to a concentration of 0.5 and 1.0 % by weight are at the temperature range 7 < 100-110°C su- 
persaturated with respect to the fluoro-chemical. This state of supersatu ration increases vigorously at the temperature 
range of 7 = 80-1 00° C when the degree of crystallinity increases and the proportion of the smectic and/or amorphous 
phase decreases. At the same time the lamellar thickness of the amorphous phase decreases substantially, and this, 
together with the increase of the degree of crystallinity, causes the chemical to segregate and to be extruded or pushed 
to the polymer surface along the spherulite and lamellar borders. In addition to extrusion, the movement of the fluoro- 
chemical is affected (slowly) by the increased diffusion rate due to the decrease in the thermal activation energy of 
diffusion caused by the internal pressure of the system. The movement of the chemical to the surface causes an 
increase in the FC-molecule population as a function of temperature at the said temperature range, and a corresponding 
decrease of the contact angle at wetting. When the temperature increases above the range corresponding to the contact 
angle minimum, operating below the saturation solubility limit, the slowing down of the increase in the degree of crys- 
tallinity and especially the substantial increase in the amorphous lamellar thickness, cause the segregated chemical 
to redissolve into the matrix and a decrease in the internal pressure of the polymer matrix necessary for the internal 
extrusion or effective diffusion. The samples under study had a temperature corresponding to the maximum value of 
the dynamic loss module of the polymer matrix, T^, of appr. 120°C, wherefor in the temperature range of the said 
contact angle minimum, also the crystal mobilization temperature limit is exceeded, whereby the internal pressure of 
the matrix decreases or disappears completely as a result of the rapid stress relaxation (the measurement of the 
complex module took place with the apparatus system: Seiko 5600: Dynamic Mechanical Spectrometer). When meas- 
uring the wetting angle in a sample series containing 0.5 % by weight of FC from samples, which had been heat treated 
at a temperature of # = 110° as a function of time, the following equation based on the measuring values (which per 
se does not have any natural scientific importance) for the decrease in wetting angle as a function of time (in the time 
interval t < 60 min ) was obtained 
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9 = 88.8 1 



•0.080 



/23/ 



The times needed to warm the samples have not been deducted from the measuring times ot the equation. The change 

5 in contact angle corresponding to the change in concentration thus does not satisfy Fick's law. 

In the case corresponding to an additive concentration of 0.1 % by weight FC, the saturation concentration of the 
fluoro-chemical is not exceeded in the whole operational range (0: 80°-1 50°C), and thus the wetting angle can decrease 
only to a small extent due to diffusional (slow) material transport. A momentary supersatu ration is, however, possible 
also with small additive concentrations, as the redistribution of the additive upon cooling increases the peripheral con- 

10 centration of the spherulite to appr. 3-4-fold as compared to the internal values. In such a case, the regulation method 
according to the invention can operate strictly locally prior to the diffusional evening of the concentration. 

The Figure 6 shows the values for the contact angles, the degree of crystallinity and the amorphous lamellar 
thickness as a function of temperature for the test series D-1 and D-2 containing fluoro-chemical at a concentration of 
2.0 and 5.0 % by weight. The samples of the D-series had been quenched at a lower rate than the samples of the 

15 series A, wherefor the degree of crystallinity for the starting matrices were correspondingly higher (x = 44.6 %). The 
values for the amorphous lamellar thickness of the series differ from each other especially at temperatures below the 
T^-transition point, due to the said differences in the degree of crystallinity. According to the Figure, the minimum 
values for the contact angles coincide in the same temperature range, but the contact values for the series D are very 
low compared to those for the series A. The change in the degree of crystallinity for the sample series D before the 

20 " crystal mobilization temperature limit is very low and the amorphous lamellar thickness is slightly increasing, wherefor 
the conditions for internal extrusion and forced diffusional material transport are lacking. It is also especially to be noted 
that according to the SEM/EDA analyses of the subexample 1 .6, when the melt solidifies, the excess chemical exceed- 
ing the solubility limit is separated from the polymer matrix formed as a finely divided (La. a function of the shear rate) 
globular discharge, that is, the excess chemical becomes inert in the matrix structure, and consequently there is no 

25 advantage of a high additive concentration. It is to be noted that when the thickness of the polymer film corresponds 
to the conventional polypropylene fibre gauge (the diameter of a 2.2 dtex fibre is 17.6 jim) and assuming that a true 
surface active fluoro-chemical, corresponding to a monomolecular surface layer (= 40 A 2 /FC -molecule), is evenly dis- 
tributed in the film matrix at the start of the process, such a "starting concentration" thereof corresponds only to a 
concentration of 0.036 % by weight. Thus, said additive concentrations up to several percent (USP 4.857.251 and CA 

30 2.066.01 2) are in excess by decades. 

The Figure 7 shows the contact angles, degree of crystallinity, amorphous lamellar thicknesses and the chemical 
saturation solubilities as a function of temperature for samples of the sample series (B-2) corresponding to a polysi- 
loxane concentration (SwC-1) of 4.1 % by weight. From the results of Figure 7 it can be deduced that, compared to 
the test series A, the minimum area for the contact angles has moved to an appr. 1 0°C higher temperature (x - 1 20° C), 

55 at which temperature also the. amorphous lamellar thickness, dictated partly by the degree of crystallinity, reaches its 
minimum value. In order to determine the isothermal time effect on the contact angles, heat treatment series were 
generated from the sample series B-2 at the temperatures ft = 1 00°, 1 1 0°, 1 20° and 1 30°C as a function of time (3-2600 
min). The contact angles of the samples of the test series followed approximately the changes in the amorphous 
lamellar thickness of the polymer matrix. At the temperature ft = 100°C, the amorphous lamellar thickness decreased, 

40 as also the contact angle, as a function of time. The values corresponding to the temperatures ft = 110° and 120°C 
fell between the said border temperatures. It is especially to be noted that the "equilibrium values" of the contact angles 
corresponding to the different temperatures, were established immediately, just after the temperature having been 
established, which corresponds to a rapid and big change in the degree of crystallinity of the polymer after the tem- 
perature change and a subsequent slower 'isothermic 1 time change. 

45 In the above mentioned test series, poorly water soluble chemicals having a long fluorine and silicon chain (MWt 

940/FC and 3000/SwC-1 ) have been used, which are of importance especially in the preparation of fibres for water 
needling. Surface chemicals having a lower molecular weight than the afore mentioned and a short Si-chain are SwC- 
2 and SwC-3, of which the former (M - 1000) is completely water soluble and the latter (MW - 650) is partly water 
soluble (Table 3). The effect of these chemicals on the wetting angle of polypropylene as a function of temperature 

50 (test series E) is indicated in the Figure 8. In the wetting angle measurements of the test series, the advancing-contact 
angle based on immersion of the sample was used (in the others, the receding-contact angle based on emersion ol 
the sample), in order to partly eliminate the errors due to the water solubility of the chemicals. The Figure 8 shows the 
degree of crystallinity (E: Table 2) and the amorphous lamellar thickness of the samples corresponding to the chemicals 
SwC-2 and -3. According to the results, both the minimum value for the amorphous lamellar thickness and the wetting 

55 angle minimum again fall within the same temperature range, which, however, is located below the temperature values 
for the series (B-2) for the chemical SwC-1. The behaviour of the low molecular polysiloxanes in the polypropylene 
matrix, due to the increased molecular mobility and matrix solubility, corresponds completely to the behaviour of the 
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afore mentioned fluoro-chemical. It is, however, to be noted that the separation of the pofysiloxanes as a finery divided 
globular discharge, differs from the corresponding discharge of the fluoro-chemical (apparently due to differences in 
melt shear rate) also at low solubility values (a dense population of SwC-globules open up directly to the polymer 
surface, and consequently also quickly quenched samples often have an already reduced wetting angle). 

Based on the results of the Example 1 , it can be established that the surface properties of polypropylene samples 
blended with surface chemicals can be regulated to a high degree by regulating the chemical concentration in the 
polymer matrix and its super- and substructures. 

It has been shown that the structural changes in the polymer matrix are especially sensitive to the quenching 
conditions of the polymer melt, the spinning and drawing orientations (draw ratios) and the variations in the temperature 
and time values of the heat treatment- The location and mobility of the additives can be improved and regulated also 
under the conditions of a high quenching crystallinity degree of the polymer and up to the temperature limit of the 
crystal mobility of the polymer matrix and even above said limit, by utilizing the temperature and time functions of the 
long identity period of the matrix. When manufacturing fabrics using the water needling technique according to the 
subexample 1 . 1 , the fibres are subjected to the impact of high energy water jets (pressure wash), whereby all additives 
are released from the polymer surface (especially from the non-polar surface of polypropylene). In this case the reg- 
ulation method according to the invention is especially advantageous, as the fabrics can be provided with the desired 
surface characteristics in the processing stages following needling and using acceptable short delay times. In fibre 
manufacture, it is possible to subject the fibres to an exterior finishing treatment using conventional techniques without 
initiating the internal finishing, whereby it is possible, in the carding and the initial stages of water needling, to use 
finishing additives suitable for these processes, which- are released by the needling jets prior to the final 'internal' 
finishing of the fabric. 

Example 2 

The Example 2 shows the behaviour of a finery divided dye when altering the super- and substructures of a polymer 
matrix in accordance with the new regulation method. 

The test series for the dye studies (B-236) were made in a pilot apparatus of production scale, and the test runs 
were substantially analogous to the test series of subexample 1 .2 (82A, B). The test run conditions were the following: 

- n r = 15.15 

cooling air (spinning): 850 Nm 3 , 20°C 
cable tension: p K , kgM^: 5.93/189 - 4.36/81 

- polymer: MFR/25, IvyfvyR = 202700/40790/4.97 

- draw ratio: X: 1 .25-1 .50-2.00-2.50-3.00, final gauge 2,2 dtex 
draw temperature, 13 = 65°C. 

The standard dye blended (0.5 % by weight) into the polymer melt (260°C) was Permanent Red;E3B, median size 
210 nm. 

The degree of crystallinity of the fibre samples as a function of temperature, time and draw ratio follows the sim- 
ulating equations: 

- spinning (1 -godet): ^ = 79-189 

X = 6.687 In^ - 20461/T + 69.761 + 2.60 log t /24/ 

- drawing (2-godet): X = 1 .25 - 2.00 

X = 53.81 9X + [1 0492.7-22450 X]TT + 28.307 + 2.6log t /25/ 

- drawing (2-godet): X = 2.00 - 3.00 

X = 35.663 X + [-732-1 6838XJ/T + 64.618 + 2.6log t /26/ 
The values of the Lorenz-corrected long period, L(Z), for the test fibres follow the equation 1 2 of subexample 1 .4. 
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J For measuring the colours of the test fibres, CIELAB-units and corresponding coordinate systems 1271 were used. 
The colour measurements were carried out with a Minolta CM-1000-spectrophotometer. 

The coordinates for the PR-E3B dye (cover: 28 ujti polypropylene film) were a* = 56.20, b* = 18.02, L* = 46.08 
and C* = 59.02. The hue-value of the dye was h = 17.8° (h = arctg(b7a*)). Qualitatively speaking, the colour of the 
5 standard was 'strong red purple'. 

The colours of the test samples both for spinning and draw fibres at varying draw ratios and treatment temperatures 
(90°-110°-1 30 & ) fell approximately in the near vicinity of the 'master'-line /27/ so that 

w a* = 2,105 b* + 41,567 /27/ 

The coordinates a* and b* increase when (the spinning draw ratio decreases and the draw ratio increases) the average 
chain orientation (fav) increases. In a qualitative respect, the colours fall in the area 'strong red bright'. The colour 
changes are much bigger for spinning fibres than for draw fibres. The changes in the fibre chain orientation also affect 
is the colour changes considerably stronger than do the temperature values. 

The effect of the heat treatment on the colour changes in the samples become well evident in the Chroma/Value 
(i.e. C7L*)-coordinate system. Generally speaking, the colour of the test samples darkens and strengthens (the ' V&lue* 
value decreases and the 'Chroma'-value increases) when the chain orientation of the polymer matrix increases. The 
following function is obtained isothermally for the spinnig fibre samples of the test series 

20 

L* = -(2/3) C* + C /28/ 

wherein the constant C depends on the temperature /.a. C/#,°C: 92,37/90, 91,80/110 and 92,65/1 30°C. 
25 The effect of the heat treatment on the colours of the draw fibre is less than on the colours of the spinning fibre. The 
function obatined for the draw fibre is of the form 

L* = -(1/2) C* + 86.00 . /29/ 

30 

The heat treatment temperature for the spinning fibre, -& = 110°C, produces lightness/saturation-values for the colour 
which are closest to the standard and so that the lowest chain orientation value is closest to the comparison colour. 

When comparing the colours of the fibre samples directly with the colour standard, PR-E3B, in the coordinate 
system AL*/AC*,it can be seen that the Chroma-value is negative over the whole area, and the test series is thus 

35 completely in the Pale-sector of the colour chart. The coordinates for the spinning and draw fibres again fall approxi- 
mately on the same 'master'-line (AL* - 1 .2AC*). The colour values for the samples No. 10 (A^ = 79, X = 3.0) appear 
with a slightly higher angular coefficient than the former. 

The colours of the fibre samples are compared also to the standard colour, the colour difference is calculated, AE 
(the square root from the sum of the L*-, a*-, b*-difference squares) and the differences obtained are plotted as a 

<o function of the average chain orientation of the polymer matrix. The curve thus obtained gives the colour change in 
the whole matrix deformation field. The colour difference of the spinning fibre increases rapidly as a function of orien- 
tation and continues in the orientation area of the draw fibre to slowly increase to a maximum, which at different iso- 
therms are located in the orientation range fav - 0.7 - 0.75. When the orientation increases to correspond to a micro- 
fibrillar structure, the colour difference decreases and approaches the corresponding values of low orientation spinning 

45 fibres. 

It can be mentioned that the behaviour of the hue-difference values (Ah) as a function of orientation correspond 
to the colour difference values. 

When comparing the change in the values for the degree of crystallinity obtained from the formulae /24/ - /26/ and 
the change in values for the amorphous lamellar thickness obtained therefrom and from the equation /1 2/ as a function 
so of the matrix chain orientation, it can be noted that 

in the orientation area of the spinning fibres, the crystallinity values increase and the values for the lamellar thick- 
ness decrease when orientation increases 

in the orientation area of the draw fibres, the crystallinity values decrease and the values for the lamellar thickness 
55 increase as a function of orientation 

in both areas the changes are small and especially the effect of the heat treatment temperature on them is tow. 
As the concentration of the dye in the fibre samples is very small and in solid form during the process and as the 
changes in the values of the crystallinity degree and the lamellar thickness of the polymer matrix are small, the 
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diffusional movement of the dye in the solid polymer is quite insignificant over short delay times. For the samples 
being studied, the strongest colour regulation in accordance with the new method is obtainable through structural 
changes in the polymer matrix with respect to the location and path of movement of the dye. In the fibre spinning 
stage, the number of c-oriented crystal lamellas in the fibrils is quite low, the radial orientation with its long diffusion 
distances dominating. When the chain orientation increases, the polar orientation of the lamellae of the deformed 
spherulites is further strengthened. Under these conditions, the dye cannot move along favourable paths of move- 
ment, but remains in the interior parts of the matrix, the colour saturation simultaneously weakening. At high av- 
erage chain orientation values, in the microfibrillar area of the draw fibre matrix, the colour saturation increases 
both with regard to low draw temperature fibres and heat treated fibres, following a change in direction of the matrix 
lamellar borders to be perpendicular to the polymer surface. 

In accordance with the obtained measuring results, fibre colour coordinates closest to the standard colour are 
obtainable by using low chain orientation and accompanying low draw orientation, whereby the density of the lamellae 
parallel to the normal of the polymer matrix surface is great. A corresponding result is obtainable in the highly chain- 
oriented microfibrillar area of the polymer matrix. It is then also possible to regulate the amorphous lamellar thickness 
as a function of both time and temperature. 

Based on the colour study, colour regulation is possible also in the area of lower saturation (in the example: in the 
sector of strong-red-bright) by means of both the average orientation and the temperature. The area of change is, 
however, narrow in the exemplified case. 

In the samples of the example, use was made of the low colour concentration of the fibre samples in order to 
improve the differentation of the structural effects of the polymer in the colour measuring technique used. Increasing 
the colour concentration to a normal level improves the possibilities for regulation. 

Example 3. 

In the Example 3, some possible embodiments of the new regulation method are briefly shown in the preparation 
of non- woven fibre fabrics using thermobonding. 

In the thermobonding of fibres using hot rolling and a pattern roll-smooth roll system, a disturbance factor is that 
the bonding takes place under pressure and at high speed. Hereby an intensive mechanical radical formation and 
subsequent oxidation takes place in the polymer matrix of the bonding area under the said conditions of high shear. 
Thus conditions of autogenous oxidation are formed in the bonding matrix, leading to a weakening of the bonding in 
statu n., and subsequent storage ageing. This ageing is further advanced by the effect of light (UV) and thermal energy 
during storage and use. 

In the production of fibres, mechanical radicals are formed in the spinning and especially in the drawing stage, 
both dependent on the draw temperature, but especially the draw ratio and the draw speed. When making fibres for 
thermobonding, normally low draw ratios are used, because the use of high draw ratios leads to an increase in the 
bonding temperature range and a decrease in the binding strength. The radicals formed in the fibre spinning stage are 
oxidized by the oxygen already originally present in the polymer melt. During the solidification and crystallization stage 
of the melt, these radicals and also other reactive groups move as a cloud of contaminants in front of the spherulite 
borders, the possibility for oxidation at the border areas th us increasing, the initiation points for the autogenous oxidation 
being concentrated to the grain boundary. As the stabilization agents also concentrate to the spherulite border areas, 
. stabilization agent poor areas are formed especially in the interior parts of the spherulites. The stabilization agents are, 
however, often very mobile compared to the slow large-molecular alkyl radicals, wherefor the concentration gradients 
of the stabilization agents are partly evened out as a result of re-diffusion. 

The detrimental effect of alkyl radicals and other reactive groups can be decreased la. by the following means: 

The specific border concentration for each stabilizing agent is increased appr. 2-5-fold in order to decrease the 
distribution effect, whereby the destruction of the vulnerable intercrystalline, load transmitting chains is prevented 
at least to some extent. 

The polymer matrix spherulite size is reduced, whereby the proportion of the interspherulitical amorphous fraction 
in the matrix increases. Thus also the mobility of the antioxidants increases in this sparse and disorganized phase. 
The degree of crystallinity of the fibre is kept low by quenching the spinning fibre at high speed and to a low 
temperature. Thereby the termination rate of the alkyl radicals increases (linearly as the degree of crystallinity 
decreases). The termination rate of the radicals can surpass the radical oxidation rate under the effect of a suitable 
structural or chemical mobilizing agent. 

The increase in the value for the long identity period of the fibre polymer matrix is suppressed, whereby the crys- 
talline lamellar thickness, which in an inversely proportional manner affects the rate and temperature of the thermal 
consolidation stage of bonding, decreases, and is facilitated by a low degree of crystallinity. 
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Oxygen is prevented from entering the melt by conducting a protective gas into the inlet end of the extruder in the 
spinning stage, and by keeping low the border tensions which are induced by a high crystallinity degree in the fibre 
production stage. An increase in the spunorientation lowers the oxygen diffusion rate and solubility, wherefor ori- 
entation by solid state drawing, which is acceptable for drawing at spinning, but forms mechanical radicals, is not 
5 favoured. 

Almost all afore mentioned operations relate directly to the area of operability of the new regulation method (Ex- 
amples 1-2). 

When using a fully of partly smectic fibre structure in thermobonding, it is possible to direct, by means of the rapidly 
10 increasing degree of crystallinity at the bonding temperature, sufficient antioxidants to the polymer sur-face, predom- 
inantly along the spherulite borders, to protect the bonded area against oxidation. Advantage is hereby taken especially 
of the observation that due to the very high bonding speed (at a conventional line speed of 120 m/min the bonding line 
is 4x10" 4 s), there is not enough time for stress relaxation to take effect completely. According to x-ray scattering ob- 
servations, the fabric after bonding is to its fibres still partly structurally smectic apparently extending to the border 
is parts of the point of bonding. 

When the molten and solid antioxidants function as a UV screen in addition to their chemical effect, the method 
variations described in the Example 2 La. for colour particles is applicable as a regulation method. 

When the antioxidant is of the afore mentioned polysiloxane type, one part having at least one functional group, 
which is an aliphatic or cycloaliphatic amino group, the regulation methods described in the subexample 1 .7 apply. As 
20 the said antioxidants are strongly surface-active, the addition of a conventional hindered amine antioxidant is needed. 

When studying the results of thermobonding, it is difficult to differentiate the effect of the various partial factors. In 
this connection, the thermal bonding strength and the antioxidant effect are studied. In the present study, the results 
of thermal bonding for three fibre qualities in the thermal bonding stage are shown as an increase in the longitudinal 
tensile strength of the fabric (width of draw sample 50 mm, weight 20 g/m 2 , tensile strength in Newton units). The 
25 fabrics were bonded using a pattern roll-smooth roll system, the temperature difference between the rolls being 5°C. 
Due to the complicated nature of the thermobonding process, the presented results are only partly comparable. 
The test fibre characteristics are presented in the following table. 
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mN/dtex 
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A 


20.2 


114.8 


23.3 


2.19 


38.5 


131 


B 


31 .2 


128.5 


40.0 


2.17 


27.4 


209 


C 


44.9 


123.3 


55.4 


2.21 


16.4 


369 


e=elongation 



The weight and number average molecular weights and distribution ratios of the fibre polymers were: A and B: 
213700-37300-5.73 and C: 207700-35300-5.88. The fibres A and B were rapidly quenched and structurally smectic; 
40 the fibre C was quenched to a high temperature and structurally amorphous-monoclinic. 

The equations simulating the tensile strength of the fabrics in the thermally activated area of bonding were: 

A: a = 5.289 x 1 0 14 x T 2 x exp [-35746/RT] /30V 
B: a = 1 .069 x 10 17 x T 2 x exp [-40469/RT] /31/ 

£0 C: o = 1 .401 x 1 0 15 x T 2 x exp [-37083/RT] /32/ 

The theoretical limit values for the thermal bonding and ageing areas for the fabrics were (o max , N/fl max , P C -ma- 
chine temp): A: 81.5/159.0, B: 50.9/156.0 and C: 41.9/157.6. 

From the results it can be seen that the structural effect on fibre bonding strength in the presence of sufficient 
55 antioxidant, is rather substantial. 

Finally the isothermal incubation time of oxidation for a fibre polymer which has been base stabilized with a phos- 
phite -phosphonite mixture, is studied at the highest temperatures of the polymer solid state, as a function of antioxidant 
concentration. The antioxidant was Tinuvin 770 and the mobilizing additive was Chimassorb 81 (Table 3.). The anti- 
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oxidant Tlnuvin 770 wets the polypropylene surface (is itself also wetted by water) and provides good bonding moisture 
(also with polyethylene blended fibres). The value of the diffusion constant for the antioxidant TV 770 was measured 
to be: D, cm 2 /s = 5.01 x 10 7 exp [-27327/RT], wherefor it is not very ■mobile' despite its molten state (D = 3.19 x 10" 8 / 
1 20°C). The measured incubation time as a function of TV 770 concentration (C = 0.0 - 0.5 % by weight) was of the form 

t min = 1 .264 x exp [-1 .705 x 10 3 E] x exp [E/RT] /33/ 
where E = 591 7 + C x 3665, cal/degree x mole) 

Although the antioxidant is clearly surface active above its melting point, its effect in thermobonding is not very great. 
At the used concentration, C = 0. 1 5 % by weight, the incubation time was appr. 25 % greater after the structural changes 
than is called for by the equation /33/, and it is believed that this effect is due to the antioxidant fraction which has risen 
along the interspherulite borders to the surface and reacted directly with the oxygen content of the gaseous phase. 

It can be mentioned that a second tested hindered amine type antioxidant, Chimassorb 944, to its wetting properties 
is analogous to Tinuvin 770 (is not, however, wetted by water as is TV), but is not alone an advantageous antioxidant 
in thermobonding due to its high molecular weight and slow mobility. Both of these antioxidants can, however, well be 
used in thermal airbonding, where no mechanical radicals resulting from high shear work appear. 

The examples given in the description of the invention provide at least a partial picture of the possibilities for 
regulation of the method. The explanations relating to the mechanisms applicable in the invention correspond to the 
present level of knowledge, wherefore one cannot support oneself solely on these, but certainly on the results obtained. 
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The pre-stabilization of the polymers for the fibre test series was done with a phosphite-phosphonite-mixture (Table 
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3) using the concentrations: 0.13 % by weight Irgafos 168, 0.065 % by weight Irganox 1425 and 0.045 % by weight 
Ca-stearate. 

5 Table 2. The degree of crystallinity for the test series 

samples 

10 The equations for the degree of crystallinity (x, %) as 
a function of temperature (T, K) and time (t, min) for a 
sheet film for measuring the additive diffusion and solu- 
75 bility, in the area of low and high temperatures , as well 

as the border temperature equation, are the following 
T < Tr: x = 345,76 - 117949/T + 5,20 log t 
T > Tr: x = 216.84 - 67490/T + 2.60 log t 

20 

Tr : O = 127.92 - 50457/T + 2.60 log t 
The other equations for the degree of crystallinity cor- 
responding to the examples differ from the said equations 
25 only as to the constants (indicated a, b and c) in the 
following table 
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The equations for the degree of crystallinity for the test series D (t = 1 5™) were 

T < 383: x = 0.050 T + 30.04 
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T > 383: % = 0.416 T - 110. 
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10 
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30 
35 
40 
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SO 
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Table 3. Structural formulas for the additives for the 
test series samples 

MP: molecular weight SA:melt area 
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Table 3 
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so Claims 

1 . Method for regulating the physical and chemical properties of products made from a synthetic polymer, especially 
polypropylene, such as fibres, non-woven fabrics made therefrom, films and moulded bodies, by regulating the 
polymer matrix structure, and/or the matrix position, rate and path of movement of additives and adjuvants blended 

35 therein, 

characterized in that 

a. the extruded or moulded polymer melt is quenched to obtain a structure where the smectic + amorphous 
phase system, or smectic + amorphous + monoclinic phase system is stable, by regulating the cooling rate 

40 and/or the quenching temperature, 

b. after quenching, the monoclinic degree of crystallinity of the polymer matrix is increased by regulating the 
heating time and temperature so that, after heating, the amorphous + smectic phase portion contains separated 
polymer-blended additive corresponding to supersatu ration, the heating temperature being below the mobili- 
sation temperature of the polymer crystalline phase, that is the temperature corresponding to the maximum 

45 value for the dynamic loss module, 

c. the amorphous layer thickness of the quenched polymer matrix is regulated by regulating the values for the 
long identity period and the degree of crystallinity, by regulating the heating time and temperature within the 
temperature range defined by the said quenching temperature and the temperature corresponding to the min- 
imum of the amorphous layer thickness, without exceeding the temperature at which the return diffusion of 

so the said separated additive into the amorphous + smectic matrix phase portion starts. 

2. The method according to Claim 1, characterized in that the temperature of the melt prior to quenching is in the 
temperature range 230 - 300 °C. 

55 3. The method according to Claim 1 , characterized in that the quenching of the polymer melt takes place at a rate 
of tgoc > 50 °C/s, to a quenching temperature of fl < 50 °C, preferably fl < 20 °C. 

4. The method according to Claim 1 for regulating the properties of a fibre and film quality type polymer, characterized 
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in that, after quenching, the polymer is heated in the temperature range of d = 80 - 150 °C, preferably in the 
temperature range of d = 80 - 110 °C, the heating time being t < 10 min, preferably t < 1 min. 

5. The method according to Claim 1 for regulating the properties of a long-chained polymer of a quality suitable for 
moulding, characterized in that after quenching, the polymer is heated in the temperature range of 6 = 80 - 150 
°C, using a heating time of t > 1 s. 

6. The method according to Claim 1 , characterized in that a fibre polymer, after quenching at spinning and drawing, 
is heat treated isometrically in the temperature range = 80-1 50 °C, the residence time at heating being t < 1 min. 

7. The method according to Claim 1 , characterized in that the heat treatment for effecting the structural changes of 
the polymer is carried out below the temperature O = 1 20 - 1 50 °C corresponding the maximum value of the dynamic 
loss module of the polymer 

8. The method according to the Claim 1, characterized in that surface active finishing agents for modifying the 
polymer surface properties, stabilization additives against damage caused by light, heat and high-energy radiation, 
inorganic and organic reinforcing agents and dyes, are used as adjuvants and additives. 

9. The method according to Claim 8, characterized in that the finishing agents are of the type compounds containing 
a non-ionic component and a fluoro-aliphatic group; 

polys iloxanes, especially two-part polyorganooxysiloxanes, wherein one part contains at least one tetrasub- 
stituted disiloxanyl group associated with one or more trisubstituted silyl and siloxy groups, the substituents 
being independently selected from monovalent alkyl, cycloalkyl, aryl and heterocyclic groups, and the other 
part is a long-chained, oxyalkylene-containing group; 

partly fluorinated compounds, fatty acid and fatty amide compounds having lubricating properties. 

10. The method according to Claim 8, characterized in that the stabilization additives are of the type of hindered 
amine-type cyclic antioxidants, or polysiloxanes, the other part of which is a piperidyl group containing a degra- 
dation stabilizing moiety. 

11. The method according to Claim 8, characterized in that the concentration of the additives and adjuvants is such 
that the solubility limit of the operational range of the regulation method is exceeded, preferably 0.01-5, most 
preferred 0.01 -2 % by weight of the weight of the polymer. 

12. The method according to Claim 1, characterized in that the polymers used are polyolefins and/or homopolymer 
mixtures and copolymers of polyolefins. 

13. The method according to Claims 1-7, characterized in that the heat treatment for providing structural changes 
after the melt spinning and drawing stage, are performed on non-woven fabrics made from fibres. 

14. The method according to Claim 1 3, characterized in that non-woven fabrics are made from fibres using conven- 
tional thermal bonding, spunbonding, meftbtowing or water jet needling technique. 

15. The method according to Claims 1 -14, characterized in that a fibre polymer, which is oriented by melt spinning 
and slightly draw-oriented and contains one or more finishing agents, is heat treated as a non-woven fabric at the 
temperature range of d = 80 -130 "C, the delay time being at least one second. 

16. The method according to Claim 15, characterized in that the fibre is finished with a conventional exterior finishing 
agent which is removed from the fibre surface in the carding and bonding processes. 

17. The method according to Claims 1-14, characterized in that the heat treatment for thermobonding of a spherulitic 
fibre of a polymer which is stabilized against autogenous light or heat energy induced oxidation and which has 
been rapidly quenched at spinning to a low temperature, and which is spun-oriented, undrawn or slightly drawn 
and has a low degree of crystallinity and low crystal lamellar thickness, is carried out in the temperature range of 
0 = 80 - 1 50 °C the heat treatment delay time being t = 1 0 3 - 1 0" 4 s. 

18. The method according to Claim 17, characterized in that a polymer which is to be thermobonded at a high bonding 
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temperature and subjected to rapid shear is stabilized, in addition to a base stabilization, with an antioxidant of 
hindered amine type, using an amount which is 3-6 times that of the base stabilization, the stabilization concen- 
tration being in the range of 0.1-0.5 % by weight. 

s 19. The method according to Claims 1-14, characterized in that a structurally smectic-amorphous, spun-oriented 
spinning fibre, which is stabilized against high energy radiation damage with per se known additives of the hindered 
amine type, is bonded and heat treated as a non-woven fabric at the temperature range of D = 80 - 1 50 °C in the 
time range of 1 0-4-2 s. 

10 20. The method according to Claims 1-14, characterized in that fibre polymers containing non-reactive additives 
functioning as coating, light screen, reinforcing agent, are rapidly quenched at spinning, spun-oriented and, if 
necessary, by drawing and heat treated isometrically as a fibre or as a non-woven fabric at the temperature range 
of 80 - 150 °C, the delay time being at least 10" 4 s. 
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Amorphous thickness: l(z)# A 
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